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ABSTRACT: Araucaria angustifolia (Bert.) O. Ktze. is an endangered Brazilian coniferous tree that
has been almost exterminated in the native areas because of uncontrolled wood exploitation. This tree
has been shown to be highly dependent on arbuscular mycorrhizal fungi (AMF) and, therefore, AMF
may be essential for forest sustainability and biological diversity. Root colonization, density and
diversity of AMF spores were assessed in two Araucaria forest stands at the State Park of Alto
Ribeira (PETAR), at two sampling dates: May and October. A comparison was made between a mature
native stand composed of Araucaria trees mixed into a variety of tropical trees and shrubs, without
any sign of anthropogenic interference (FN) and an Araucaria stand planted in 1987 (R), which has
been used as a pasture. Assessments included percent root colonization, AMF spore numbers and
species richness, Simpson’s dominance index (Is), and Shannon’s diversity index (H). Mycorrhizal
root colonization did not differ between ecosystems in May. In October, however, the native stand
(FN) presented a higher colonization than the planted forest (R), and the root colonization was more
intense than in May. When considering both sampling periods and forests, 27 species of AM fungi,
with higher numbers of spores in FN than in R were found. Canonical discriminant analysis (CDA)
indicated Shannon’s diversity index as the ecological attribute that contributed the most to distinguish
between forest ecosystems, with higher value of H in FN in relation to R. CDA showed to be a useful
tool for the study of ecological attributes.
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BIODIVERSIDADE E DISTRIBUIÇÃO DE FUNGOS MICORRÍZICOS
ARBUSCULARES EM FLORESTA DE Araucaria angustifolia
RESUMO: O pinheiro brasileiro, Araucaria angustifolia (Bert.) O. Ktze é uma espécie arbórea
ameaçada de extinção, quase exterminada pela exploração descontrolada de madeira. Essa espécie
demonstra alta dependência de fungos micorrízicos arbusculares (FMA), de grande importância
para a estabilidade do ecossistema e manutenção da biodiversidade. Avaliou-se a colonização
radicular, a densidade e a diversidade de esporos de FMA em duas florestas com araucária, distintas
no processo sucessional, em duas épocas de amostragem: maio e outubro. As florestas, localizadas
no Parque Estadual Turístico do Alto do Ribeira (PETAR), correspondem a 1) Floresta Ombrófila
Mista nativa (FN), em estágio clímax, sem sinais de interferência antrópica, e a 2) floresta de araucária
plantada em 1987 (R), submetida a pastoreio. Foram avaliados: colonização radicular, número de
esporos e riqueza de espécies de FMA e calculados os índices de dominância de Simpson (Is) e de
diversidade de Shannon (H). A colonização radicular não diferiu entre as duas comunidades na
primeira amostragem (maio). Na segunda amostragem (outubro), houve maior colonização radicular
na floresta nativa do que na floresta plantada e a colonização radicular foi mais intensa em comparação
com as coletas de maio. No total, foram encontradas 27 espécies de FMA, com maior número de
esporos em FN em relação a R. A análise canônica discriminante (ACD) indicou que o índice de
diversidade de Shannon foi o atributo ecológico que mais contribuiu para distinguir os dois
ecossistemas florestais, com altos valores de H para FN em relação a R. ACD mostrou ser importante
ferramenta para o estudo dos atributos ecológicos.
Palavras-chave: Araucaria angustifolia, diversidade, densidade de esporos, colonização radicular,
análise multivariada
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INTRODUCTION
The presence of arbuscular mycorrhizal fungi
(AMF) may be essential for ecosystem sustainability,
establishment of plants and maintenance of biological
diversity. The participation of AMF in the biodiversity
and ecosystem functioning is now being recognized,
particularly due to their effect on plant diversity and
productivity (van der Heijden et al., 1998). Several au-
thors have reported positive relationships between plant
diversity and AMF colonization (Grime et al., 1987;
van der Heijden et al., 1998).
Mycorrhizal fungi are one of the main path-
ways by which most plants obtain nutrients (Smith &
Barker, 2002; Chen et al., 2005) and, as such, are criti-
cal for terrestrial ecosystem functioning (Kernaghan,
2005). The success of reforestation programs may
greatly depend on mycorrhizal root colonization of
seedlings, which increases their competitiveness due
to increase in the initial growth rate (Moreira-Souza
& Cardoso, 2002). In that sense, the rehabilitation of
tropical forests would not be possible only with chemi-
cal fertilizers but would also need AMF inoculation
(Cuenca et al., 1998).
Historically, there are only few reports on the
occurrence of AMF in association with Araucaria
angustifolia (Brazil Pine) (Milanez & Monteiro, 1950;
Oliveira & Ventura, 1952; Bononi et al., 1989; Andrade
et al., 2000). Recently it was shown that Araucaria is
highly mycotrophic (Moreira-Souza & Cardoso, 2002;
Zandavalli et al., 2004), and different AMF species, dis-
tributed among the genera Glomus, Acaulospora,
Entrophosphora, Gigaspora and Scutellospora, have
been found associated to Brazil Pine roots (Moreira-
Souza et al., 2003).
The objective of the present study was to com-
pare the mycorrhizal root colonization, density and di-
versity of AMF, between Araucaria Forest stands which
differ in the conservation status: one is native, and the
other is a planted stand under pressure by cattle grazing.
MATERIAL AND METHODS
The sampling sites are located in the Atlantic
Forest of altitude (Ombrophilous Mixed Forest, ac-
cording to IBGE, 1992) where Araucaria angustifolia
(Bertoloni) Otto Kuntze is of natural occurrence. Two
subareas (natural and reforested) were selected in the
State Park of Alto do Ribeira (PETAR) (24o20’S and
48o36’W), located in the municipality of Apiaí, State
of São Paulo, Brazil. The local climate is Cfb
(Köppen’s classification), characterized as subtropical
(upland), mesothermal, and humid. The mean tempera-
ture during 2002 was 21.1ºC. Summer and winter were
mild, with little rain between May and August, and
rainy from October to March.
The experimental design consisted of a com-
pletely randomized layout, with 15 replicates, consider-
ing two forest ecosystems: i) a native stand, mixed cli-
max forest with Araucaria trees, without anthropogenic
interference (FN), basically consisted of A. angustifolia
and other shrub or tree species, as Ocotea sp.,
Nectandra sp., Cedrella fissilis, Ficus sp., Hymenaea
courbaril, Virola oleifera, Euterpe edulis, as well as
many epiphytic species as orchids and bromeliads; and
ii) reforested stand, exclusively with Araucaria, replanted
in 1987 (R). This area has suffered anthropogenic in-
terference due to subsistence agriculture and use as pas-
ture for cattle and horses. Remains of some pasture
grasses and Tibouchina granulosa trees, typical of sec-
ondary vegetation, can also be found.
Each selected forest ecosystem was repre-
sented by one plot, approximately 0.5 ha in size, where
five Araucaria trees were randomly selected. For each
tree, three soil and root samples were taken (0-0.2 m)
at the crown projection and 2 m away from the tree
trunk. Root samples were washed in tap water and
stored in FAA fixative (glacial acetic acid 25 mL; etha-
nol 500 mL, formaldehyde 120 mL, and distilled wa-
ter 1000 mL) before assesment of AMF colonization.
Soil from the root zone (500 g) and Araucaria roots
were sampled in May (cool, dry season) and October
(warm, rainy season) in the year 2002. Some soil
chemical and physical characteristics were assessed
in each area (Table 1).
AMF spores were extracted from soil samples
by wet sieving (Gerdemann & Nicolson, 1963), based
on a 100 g soil aliquot taken from each sample, fol-
lowed by centrifugation in sucrose (Jenkins, 1964).
Table 1 - Chemical and physical soil characteristics in native (FN) and reforested (R) Araucaria angustifolia ecosystems.
May 2002, PETAR, Apiaí, SP, Brazil.
metsysocE lCaCHp 2Llom10.0 1- MO
P
)niser( K aC gM lA+H dnaS tliS yalC
mdg 3- mdgm 3- lomm--------------- c md
3- --------------- gkg----------- 1- ----------
NF 7.4 511 03 8.2 201 02 46 015 002 092
R 4.3 59 31 5.2 41 7 182 062 052 094
OM = organic matter
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The spores were counted under a stereomicroscope
of 40x magnification, on plates containing concentric
grooves. After counting, the spores were separated into
groups, according to their morphology.
For morphological identification, groups of
AMF spores were mounted onto semi-permanent slides,
with polyvinyl alcohol and glycerol resin (PVLG)
(Morton et al., 1993) and in Melzer’s reagent (Koske
& Tessier, 1983). Identification at the species level was
performed using the optical microscope (100 to 400x
magnifications), with the aid of the Schenck & Pérez’s
(1990) Manual and descriptions provided by the In-
ternational Culture Collection of Vesicular Arbuscular
Mycorrhizal Fungi (http://invam.caf.wvu.edu) and the
original species descriptions.
For assessment of mycorrhizal colonization,
roots were cleared in 10% KOH and 10% H2O2, and
stained with pen blue ink in acetic acid (Vierheilig et
al., 1998). The presence of fungal structures within
the roots was observed under the microscope (400x)
(Giovannetti & Mosse, 1980).
The ecological attributes were calculated in the
following manner: total and relative frequency (RF) of
AMF spores [RF = (number of spores of each spe-
cies/total number of spores) × 100], species richness
(number of species in 100 g dry soil), Simpson’s domi-
nance index (Is) and Shannon’s diversity index (H)
(Mouillot & Leprêtre, 1999). Data for total number of
spores were submitted to analysis of variance
(ANOVA) and means were compared by the LSD test
(P < 0.05). In addition, the multivariate Canonical Dis-
criminating Analysis (CDA) (SAS Institute, 1996) was
applied to verify which ecological attribute contributed
the most to distinguish between the ecosystems (FN
and R). Calculations were made for the homogenized
canonical coefficient (HCC), coefficient of correlation
(r), and parallel discrimination rate coefficient (PDRC
= r × HCC) (Cruz-Castillo et al., 1994).
RESULTS AND DISCUSSION
The soils under study are acid in both Arau-
caria angustifolia stands. In the native forest, how-
ever, the soil was more fertile, with higher organic
matter, phosphorus, calcium, and magnesium concen-
trations in relation to the soil under the planted forest
(Table 1). At the first sampling (May), there were no
differences in mycorrhizal root colonization rates (RC)
between the two ecosystems (FN and R). Their val-
ues ranged from 17.2% in the native forest to 15.2%
in the planted stand (Figure 1). At the second sam-
pling (October), the mycorrhizal root colonization in-
creased in both forests (up to 36% in the native and
up to 31% in the planted stand), and differed consid-
erably from the first period: roots from FN presented
more than twice the colonization rate verified at the
first sampling (Figure 1). Similar mycorrhizal coloni-
zation levels were found in native and reforested Arau-
caria stands in another geographical location, in the
same region (Moreira-Souza et al., 2003; 2006).
The number of spores in the root zone of
Araucaria was always greater in the native than in the
reforested area in both sampling periods (Table 2). No
seasonality pattern could be detected for number of
spores, with a mean count close to 400 spores (in 100
g of soil) for the native and 158 to 269 spores for the
reforested area (Table 2). However, in another survey
conducted simultaneously, in native and replanted Arau-
caria forests in Campos do Jordão - SP, more AMF
spores were found in the replanted areas than in the
native ones (Moreira et al., 2006). Therefore, the as-
sumption that spores should be more abundant in ar-
eas without disturbance is not always true.
Fungal diversity and abundance found in the
study area are similar to those of other studies in the
Araucaria forests and Atlantic Forest of São Paulo
State (Bononi et al., 1989; Trufem, 1990; Breuninger
et al., 2000; Moreira-Souza et al., 2003; Aidar et al.,
2004). Twenty-seven taxa belonging to the Glomerales
(Glomeromycota) were identified; 21 at the species
level, and six at the genus level (Table 2). In a previ-
ous study, 24 AMF species were found in Araucaria
forests in Campos do Jordão - SP (Moreira-Souza et
al., 2003). However, in the very south of Brazil, only
13 species were identified in Araucaria ecosystems
(Breuninger et al., 2000).
Figure 1 - Arbuscular mycorrhizal fungal root colonization of
Araucaria angustifolia sampled in native (FN) and
reforested (R) ecosystems, in May and October 2002.
PETAR, Apiaí, SP, Brazil. Vertical bars on the
columns represent standard deviation of 15
replications. Means indicated by the same letters in
columns do not differ (P< 0.05) by the LSD test,
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In the present study, the genus Acaulospora
had the highest species diversity, whereas Glomus pre-
sented the highest number of spores. The genus
Gigaspora occurred in lower fequency, mostly in the
native area (Table 2). The species Acaulospora spinosa,
Glomus etunicatum and Glomus macrocarpum were
Table 2 - Absolute (AF) and relative (RF) frequencies of AMF spores in native (FN) and reforested (R) Araucaria angustifolia
ecosystems, in May and October 2002. PETAR, Apiaí, SP, Brazil (n = 15).
1Absence of AMF. Means followed by the same letter in line, considering the same sampling time, do not differ (P < 0.05) by the LSD
test.
present in both areas in May and in October. How-
ever, the frequency of the different AMF species was
peculiar for each ecosystem and sampling period. In
the native forest, the most frequently found species
were G. macrocarpum, Acaulospora scrobiculata, and
Gigaspora margarita in May, whereas in October the
seicepsFMA
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predominance of G. macrocarpum, Glomus
etunicatum, and Acaulospora mellea was noticed. In
the reforested area, the most frequent species were:
Glomus macrocarpum, Acaulospora mellea, and
Archeospora gerdemannii in May, and G. macrocarpum,
G. microcarpum and Entrophospora colombiana in
October (Table 2). G. macrocarpum was always the
species with the greatest frequency in both areas, sug-
gesting that this species is well adapted to this host
plant and shows high tolerance to different edaphic
conditions. G. macrocarpum and G. etunicatum have
been reported as dominant species in other studies con-
ducted in the Atlantic Forest (Trufem, 1990; Aidar et
al., 2004). A recent study identified 25 AMF species
associated with several tree species in the same State
Park of PETAR, ten of which identical to our find-
ings (Aidar et al., 2004).
In this study, when considering both sampling
periods, the total number of spores, species richness,
and Shannon’s diversity index (H) were higher in the
native forest than in the planted stand (Table 2). The
higher value of H in the FN area reflects greater spe-
cies diversity (Table 2). These findings can probably
be explained by better soil chemical properties of this
area with regard to organic matter, pH, Ca and Mg
(Wardle, 2002; Kernaghan, 2005) (Table 1). Moreover,
there is a greater richness of plant species (van der
Heijden et al., 1998), as well as older plants, especially
Araucaria trees. In addition, the general absence of
anthropogenic disturbance (Kernaghan, 2005) and
greater diversity of plants (Johnson et al., 2003) in the
native forest may also have favored the higher AMF
diversity. The different seasons, with different tempera-
ture and moisture regimes, may affect AM fungal
sporulation (Koske, 1987), and a greater number of
spores was found in the planted area in May as com-
pared to October. This finding provides support to the
view that death or senescence of the host plant induces
AMF to sporulate (Picone, 2000).
The canonical discriminating analysis (CDA)
presented a correlation of 88% in the first canonical
discriminating function (FDC1). This function can be
fitted to explain variations in number of spores, spe-
cies richness, Simpson’s dominance index (Is) and
Shannon’s diversity index (H) obtained in the two
Araucaria ecosystems (Table 3) (Manly, 1994). In our
study, which compared only two areas, it was pos-
sible to generate only one canonical discriminating
function (Cruz-Castillo et al., 1994) (Table 3).
The multivariate Wilks’ Lambda test showed
that there is a highly significant difference between
these two ecosystems (P < 0.0001), a result that could
be confirmed by the LSD (P < 0.05), existing among
all the homogenized canonical coefficients (HCC) (Fig-
ure 2). The native forest presented a much higher
mean (1.8338) against (-1.6046) of the planted stand,
considering the FDC1 axis. Therefore, the conven-
tional univariate statistical analysis can be helpful in
understanding the ecological significance of multivari-
ate analyses.
The coefficients of correlation (r) reflect
univariate information and show the individual contri-
bution of each ecological attribute in the separation of
the two Araucaria ecosystems (Table 3 and Figure 2).
The homogenized canonical coefficient (HCC) explains
the behavior of the different attributes in allowing the
ecosystems to be separated from each other, under a
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Table 3 - Coefficient of correlation (r), homogenized
canonical coefficient (HCC) and parallel
discrimination rate coefficient (PDRC = r × HCC)
of the first discriminating canonical function
(FDC1) for each ecological attribute, in native
(FN) and reforested (R) Araucaria angustifolia
ecosystems, in May and October 2002. PETAR,
Apiaí, SP, Brazil (n = 30).
Figure 2 - Relationships between the first and the second
discriminating canonical functions (FDC1 and FDC2)
on the homogenized canonical coefficient (HCC) for
the ecological attributes in native (FN) and reforested
(R) Araucaria angustifolia ecosystems, in May and
October 2002. PETAR, Apiaí, SP, Brazil (n = 30).
Mean points are represented in black.
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as parallel discrimination rate coefficient (PDRC),
which represents the product between the HCC and r
coefficients, is usually adopted (Cruz-Castillo et al.,
1994). Positive PDRC values indicate a separation ef-
fect between the two Araucaria ecosystems, where
ecological attributes with higher values have greater
weight in the separation (Table 3 and Figure 2). In this
case, H showed the highest r (0.9808) and HCC
(1.0514) figures that resulted in higher PDRC (1.0312)
values (Table 3). This indicates that in the sum of all
attributes, Shannon’s index was responsible for prac-
tically the entire separation between the two Araucaria
ecosystems, and is therefore a good indicator of the
changes that occur in the ecosystem. In this sense, H
can be considered a valuable attribute in the ecologi-
cal discrimination among forest ecosystems with dif-
ferent histories of use or management. Shannon’s in-
dex (H) is an indicator of AM fungal diversity, reflect-
ing the complexity level of the communities in each
ecosystem. In addition, this estimator of species di-
versity is sensitive to changes in species abundance
pattern and presents a low bias for small sample sizes
(Mouillot & Leprêtre, 1999). In this respect, AMF den-
sity and species diversity are indirectly related to the
ecological conditions of each ecosystem (Maia &
Trufem, 1990). H has been reported as an indicator
of differentiation between areas with different manage-
ment and seems to be a promising indicator in rela-
tion to other biological attributes, which are generally
harder to measure and are more costly (Parr et al.,
1992).
The finding that there are significant ecologi-
cal differences between the native forest and the
planted stand suggests that, even after 18 years of re-
forestation, the original AMF diversity of the native
area could not be recuperated. According to this rea-
soning, the maintenance of the few still preserved na-
tive forests and also the replanting of new Araucaria
seedlings with their symbiotic AM fungi assume great
importance for the conservation of this species. The
canonical discriminating analysis proved to be a very
useful tool in detecting differences in the community
of AMF in Araucaria forests.
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